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Journal CME Post- [7] . Most patients present with symptoms of progressive exertional dyspnea, which may also include angina and syncopal episodes. If these patients are not treated, the disease will progress to right heart failure, with peripheral edema, ascites, and hepatomegaly.
Pulmonary hypertension is a known risk factor for morbidity and mortality during noncardiac surgery [9] . Stress, pain, acidosis, and hypoxemia which are often encountered during surgery may increase PAH and precipitate right ventricular decompensation. In addition during total hip arthroplasty, the embolization of bone marrow debris and fat to the lungs will further increase pulmonary arterial pressures and acute cor pulmonale [6] . This is a case report of a young patient with severe pulmonary hypertension who died after a noncemented total hip arthroplasty.
Case Report
A 22-year-old female with avascular necrosis of her femoral head was scheduled for a left total hip arthroplasty. Her past medical history was significant for a mixed connective tissue disease complicated by vasculitis, thrombocytopenia, pulmonary infiltrates, and pulmonary hypertension. An echocardiogram performed 3 months prior to surgery revealed a peak pulmonary artery systolic pressure of 105 mmHg with right ventricular (RV) dilatation, diminished RV function, a flattened intraventricular septum, severe tricuspid regurgitation, and moderate pulmonary insufficiency. The left ventricle demonstrated normal contractile function with no regional wall abnormalities. The patient was not short of breath at rest, but did complain of dyspnea with limited exertion. She was treated with sildenafil to reduce her PAH and improve her exercise tolerance. Additional preoperative medications included metoclopramide, hydromorphone, and iron supplements. The patient had recently completed a short course of prednisone for exacerbation of her connective tissue disease.
The patient's preoperative laboratory and diagnostic studies were significant for a mild anemia with a hematocrit (Hct) of 34 mg%, bicarbonate (HCO 3 ) of 18 meq/l, platelets 167 K, PT INR 1.06, and a slightly elevated aspartate aminotransferase (AST) of 56 U/l. The ECG revealed a normal sinus rhythm with a pattern suggestive of right ventricular hypertrophy and ST-segment depression in leads I, II, and V1-3. Cardiomegaly was prominent on the chest radiograph.
Vital signs immediately before surgery included a blood pressure (BP) of 104/60, heart rate (HR) 90, O 2 saturation of 95%, and respiratory rate of 15. The patient was monitored for surgery with the standard ASA monitoring including a radial arterial catheter. The anesthetic consisted of a combined lumbar spinal-epidural with spinal 3 cc 1.5% mepivacaine. Sedation included an initial dose of midazolam 5 mg, intermittent fentanyl 25 mcg, and an intravenous infusion of propofol. An epinephrine infusion was titrated to maintain the mean arterial blood pressure (MAP) in the 50's and HR in the 60's. With 3 l/min of oxygen via nasal cannula, the oxygen saturation remained about 95%. The surgery lasted 105 min. A noncemented press-fit femoral prosthesis and an uncemented hemispherical acetabular component were implanted. During the procedure, the patient received 600 ml of lactated ringers (LR) and lost an estimated 150 ml of blood.
The patient was brought to the PACU in stable condition; BP 150/90, HR 100, and O 2 saturation of 100%. Initial laboratory analysis included an arterial blood gas (ABG) pH 7.30, paCO 2 33, paO 2 266 on NC O 2 5 l/min, BE-9.4, Hb 10.7 g/dl, K 4.2 mEq/l, BUN 12, creatinine (Cr) 0.8, and HCO 3 16. The patient remained hemodynamically stable over the first 12 post-op hours, but then became increasingly hypotensive and tachycardic with reduced O 2 saturation and urine output. The hypotension was initially treated with intravenous boluses of crystalloid and colloid, but her condition continued to deteriorate with increasing metabolic acidosis, hypotension, decreased urine output, and rising creatinine. On the morning of POD 1, her ABG revealed a worsening metabolic acidosis with compensated respiratory alkalosis: pH of 7.43, paCO 2 of 17, and paO 2 135 on a 40% FIO 2 face mask with a BE -19.
The patient was then transferred from the PACU to the medical intensive care unit (MICU) where she experienced an acute decompensation which required endotracheal intubation, controlled ventilation, and pharmacological blood pressure support. At that time, her ABG on 100% FIO 2 was pH 7.24, paCO 2 16, paO 2 195 with a Hb 9.1, platelet 89 K, WBC 14 K, BUN 17, Cr 1.7, and BS 403.
A pulmonary artery catheter (PAC) was inserted through the right internal jugular; initial PA pressures were 75/45, pulmonary capillary wedge pressure (PCWP) of 20, cardiac output (CO) 2.4, mixed venous oxygen saturation (SVO 2 ) 30%, and a calculated pulmonary vascular resistance (PVR) of 1,233 dyn s cm −5 . Several different therapies were then instituted in an attempt to restore adequate tissue perfusion and oxygenation: inhaled nitric oxide at 35 ppm and intravenous prostacyclin reduced the PA pressures to 55/40 and PVR to 554. A sodium bicarbonate infusion was started to correct the metabolic acidosis and a dobutamine infusion increased the cardiac output to 3.0 l/min and SVO 2 51%. Despite these interventions, however, the metabolic acidosis persisted (lactate 28.7 mmol/l) indicative of poor tissue perfusion. In response, the patient was placed on continuous venovenous hemodialysis (CVVHD). On POD 3, the patient again became acutely hypotensive with persistent oliguria and acidosis, initiating the institution of a vasopressin infusion. Despite the added therapy, her hemodynamic condition continued to deteriorate and a pulse dose of methoprednisolone was administered assuming the development of a systemic inflammatory response syndrome. On POD 5, the patient expired after a ventricular fibrillation arrest.
Discussion
Primary pulmonary hypertension is a rare disease (1-3 per million). Most cases of PAH are associated with disease states which have been classified into five categories by the World Health Organization [10] (Table 1) . Although there are many etiologies, they all result in similar pathological findings of smooth muscle and endothelial cell proliferation in response to chronic vasoconstriction and elevated pressures. Hypoxia induces vasoconstriction in the pulmonary vasculature in part through the effects of endothelial-derived endothelin, thromboxane, and serotonin. The stressed endothelium produces reduced levels of nitric oxide synthase, resulting in a reduction in the synthesis of the vasodilator nitric oxide. These changes result in an imbalance in the regulation of pulmonary vasocilators and vasoconstrictors. These changes also promote platelet aggregation leading to an increase in pulmonary thrombosis. Together, these changes ultimately lead to chronic luminal narrowing and irreversible PAH.
The severity of the disease is assessed using the patient's functional clinical classification. Patients with no impairment are class I; dyspnea with ordinary activity are class II; dyspnea causing severe restriction of activity is class III, and class IV implies dyspnea at rest. The degree of functional impairment is then used to assess the success of treatment and the suitability (and risks) of the patient for noncardiac surgery [8, 14] .
Doppler echocardiography is essential in the assessment of PAH. There is reasonably good correlation between Doppler and pulmonary artery catheter-derived pulmonary pressures [14] . In addition, the echocardiogram provides information with regard to right and left ventricular functions and valvular abnormalities which will aid in diagnosis and management. The electrocardiogram may also demonstrate evidence of pulmonary hypertension including right ventricular hypertrophy, right axis deviation, and/or right atrial enlargement. Chest radiographic evidence of PAH may include cardiomegaly, enlarged hilar pulmonary shadows, and attenuation of peripheral vascular markings (pruning). Pulmonary function studies (PFTs) are appropriate in the initial evaluation of patients with PAH to characterize underlying respiratory causes and to assess the severity of parenchymal disease. Many of the patients will exhibit a restrictive defect and most will have reduced diffusing capacity for carbon monoxide. However, a poor correlation between lung function measures and the severity of PAH has been reported [11] . Ultimately, right heart cardiac catheterization is required to confirm the diagnosis of PAH, assess the severity of the disease, and guide therapy. Using PA systolic pressures, the severity of PAH is grouped into mild (PAS 25-40 mmHg), moderate (PAS 41-55 mmHg), and severe (>55 mmHg).
There is no cure for PAH, but treatment modalities exist which reduce symptoms and prolong survival. Therapeutic agents include vasodilators, anticoagulants, antiplatelet agents, anti-inflammatory, and vascular remodeling drugs [3, 7, 14] . The American College of Chest Physicians in 2007 issued practice guidelines for the medical therapy of patients with PAH [3] . Before instituting vasodilator therapy, patients with PAH should undergo vasoreactivity testing. In the absence of right heart failure, a favorable acute response to a vasodilator is defined as a decrease in mean PA pressures of at least 10 mmHg and overall PA systolic pressure of ≤40 mmHg with increased or unchanged cardiac output. In addition, patients with PAH should undergo serial determinations of their New York Heart Association (NYHA) classification and their exercise capacity assessed by the 6-min walk (6 MW) test in order to evaluate the efficacy of their current therapeutic regimen.
Calcium channel blockers (CCB) are considered the first line of therapy for patients with PAH; however, only a small percentage of patients will respond favorably. CCBs with negative inotropic effects, such as verapamil, should be avoided. Prostanoids, such as epoprostenol (prostacyclin), a potent vasodilator with platelet inhibitor and anti-inflammatory properties, have been shown to improve exercise capacity and survival in patients with PAH. Epoprostenol must be administered as a continuous i.v. infusion. Treprostinil a prostanoid with a longer half life (3 h.) must also be administered as a continuous i.v. or subcutaneous infusion (s.c.). A newer stable prostacyclin analogue, iloprost, can be administered by inhalation. In a recent trial, iloprost at six inhalations per day improved exercise tolerance, pulmonary hemodynamics, and two-year survival in NYHA II and III PAH patients by 29% [12] .
Sildenafil, a potent and specific phosphodiesterase-5 inhibitor, has become first-line therapy for PAH because of its demonstrated efficacy in NYHA II and early III patients and ease of administration. Those patients who have ocular disease, recurrent bleeding problems, or are unresponsive to sildenafil are now treated with endothelin receptor antagonists. Endothelin 1 is a potent vasoconstrictor and stimulates smooth muscle cell proliferation. Bosentan, an endothelin receptor antagonist, has been shown to improve performance by PAH patients in the 6 MW test. Bosentan will produce an increase in hepatic aminotransferases and potentially longterm liver damage. Two additional endothelin receptor antagonists, ambrisentan and sitaxsentan, are in clinical trials. Many NYHA III patients are now on combination therapy, and most patients with NYHA IV disease require iv epoprostenol in addition to another therapy. Since microscopic pulmonary thrombosis is an integral part of this disease process, anti-coagulation is also recommended for PAH patients [10] .
In patients with advanced PAH and a failing right ventricle, atrial septostomy may be performed to create a right to left shunt, which will improve cardiac hemodynamics but worsen the hypoxemia. The final solution requires bilateral lung transplantation, which still only affords a ∼70% survival.
There is a significant risk of perioperative morbidity and mortality in patients with PAH regardless of the anesthetic technique [8] . Predictors of perioperative mortality and morbidity are presented in Table 2 [4, 8] . In an analysis of 145 patients with PAH undergoing elective noncardiac surgery, the 30-day morbidity was 42% and mortality 9.7% [13] . Preoperative evaluation of these patients must include an assessment of right ventricular function and PVR with a recent echocardiogram, and if worse, a right heart catheterization. Evidence of worsening right ventricular function, progressive dyspnea, metabolic acidosis (low cardiac output), hypoxemia, peripheral edema, hepatomegaly, and syncope should warrant postponing the procedure until RV function is further evaluated and the patient's condition maximized and/or the risk/benefit of the surgical procedure is reevaluated [4, 6] . Right ventricular failure was a contributing cause of postoperative mortality in 50% of the patients [13] .
Intraoperative monitoring should in most cases include an arterial catheter and central venous pressure monitoring in order to provide adequate preload. In patients with RV dysfunction, a PAC or transesophageal (TEE) monitor will guide the management of cardiac output. However, a PAC is associated with an increased risk of PA rupture and poorly tolerated dysrhythmias in PAH patients. A specific anesthetic technique is probably less important than the maintenance of hemodynamic stability. The reduction in systemic vascular resistance which occurs with neuraxial anesthesia may be poorly tolerated in patients with severe PAH and RV dysfunction. If general anesthesia is chosen, it should include a balanced technique with lower levels of potent inhalational agents and avoidance of nitrous oxide. The intraoperative use of milrinone may be beneficial since it reduces both PVR and SVR and increases myocardial contractility. However, in patients with RV dysfunction, decreases in systemic pressures may result in RV ischemia and cardiac failure. In all cases, a strategy for the continuation of PAH treatment should be formulated preoperatively. This may include the use of intravenous prostacyclin and/or inhaled iloprost or nitric oxide. Postoperatively, these patients should be monitored in an ICU to insure the adequacy of oxygenation, perfusion, pain management, and the continuation or initiation of pulmonary vasodilator therapy. The highest incidence of mortality occurs several days after surgery from worsening PVR and RV failure.
In summary, a patient with severe PAH scheduled for elective arthroplasty will have an increased risk for major perioperative morbidity and mortality. A team of care givers should be assembled prior to the surgery to discuss the risks and develop a perioperative management plan for the patient. This committee should include the surgeon, anesthesiologist, a pulmonologist with experience treating patients with severe PAH, the ICU attending and an ICU with the capability of treating severe PAH, and an ethicist. Full discussion of the surgical procedure including risks and benefits should be thoroughly explored with the patient and their family prior to surgery. The hip pain from avascular necrosis in this patient had become intolerable and significantly limited her mobility. The risk of respiratory depression and hypoxemia exacerbating her PAH prevented further increases in narcotic analgesics. Hence, despite the risks, a THA probably represented the best option for our patient. Optimization of the patient's cardiopulmonary status should be attempted prior to surgery, with the institution of additional therapeutic agents when appropriate. A preoperative echocardiogram should be repeated in combination with an ABG and a 6 MW test to assess the degree of progression of the disease. This information would then be used to assess the efficacy of adding further therapeutic agents including perioperative intravenous prostacyclin or inhaled iloprost. Regional anesthesia is acceptable choice for this procedure, as long as the patient's oxygen saturation remained above 90%. Intraoperative monitoring with a PAC permits assessment of the cardiac output and PVR and provides the ability to institute therapeutic measures to reverse deleterious trends. Although the hip prosthesis was not cemented, the contents of the femoral canal still embolize to the lung with the potential for acute increases pulmonary pressures and systemic hypotension [1] . Pulmonary vasodilators, such as prostacyclin, must be readily available to treat these events. The preferred agent for the treatment of acute hypotension may be vasopressin since it will reduce pulmonary pressures while supporting systemic pressure [5] . Despite the best care patients with severe PAH are at risk for major perioperative complications including death. Therefore, it is imperative to weigh the risks and benefits of the procedure with the patient, their family, and the medical care team. How certain are you that your practice will be enhanced by participating in this course?
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